t a r g e t i s placed on t h e c y l i n d r i c a l a x i s of symmetry." In our more recent experiments, we have developed diodes t h a t a r e optimized f o r gas-puff implosion s t u d i e s , increased t h e k i l o e l e c t r o n v o l t (keV) pump source r a d i a t i o n t o 215 kJ, and begun preliminary x-ray l a s e r t a r g e t experiments. This paper describes our r e c e n t experimental progress on pulsed-power-driven x-ray l a s e r t a r g e t s .
A l l Z-pinch plasma implosions a r e known t o e x h i b i t magnetic Rayleigh-Taylor 9 i n s t a b i l i t i e s , which make i t d i f f i c u l t t o c r e a t e a homogeneous l a s a n t plasma .' To minimize t h e s e problems., we developed a concept f o r f i e l d i n g an x-ray l a s e r i n a pulsed-power e n~i r o n m e n t~'~ i n which an annular s t a g n a t i o n s h e l l surrounds an x-ray l a s e r rod. This t a r g e t configuration i s mounted on t h e c y l i n d r i c a l a x i s of symmetry of a 2-pinch implosion, a s shown i n Fig. 1 . The o u t e r c y l i n d r i c a l s h e l l (Fig. 4 of Ref. 4) s e r v e s both t o s t a g n a t e t h e imploding plasma, converting plasma k i n e t i c energy i n t o r a d i a t i o n , and t o hydrodynamically i s o l a t e t h e l a s e r rod from t h e imploding plasma. With t h i s geometry t h e l a s a n t can remain homogeneous f o r a time before being destroyed by t h e plasma implosion.-In p r i n c i p l e , t h e low d e n s i t y l a s e r medium could be e i t h e r a g a s -f i l l e d soda straw ( f i l l e d s t a t i c a l l y o r dynamically) o r a highly collimated gas flow (high Mach-number gas flow). I n p r a c t i c e , both schemes a r e d i f f i c u l t t o f i e l d i n a pulsed-power environment.
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1986618 Therefore, t o form t h e l a s e r medium, t h e l a s e r t a r g e t s f o r our recent and f u t u r e experiments r e l y on t h e expansion of a t h i n l a y e r of material on t h e i n s i d e of t h e s t a g n a t i o n s h e l l . A sample t a r g e t i s shown schematically i n Fig. 2 . These t a r g e t s have t h e advantage of f l e x i b i l i t y i n t h e choice of l a s a n t m a t e r i a l ; t h e i r disadvantage i s nonuniformities a s t h e l a s a n t plasma assembles on-axis.
In t h i s research we have emphasized a photon-pumped, Ne-like recombination l a s e r scheme. 4
I n t h i s scheme, keV r a d i a t i o n from t h e pump i s used t o photoionize Ne-like l a s a n t ions t o F-like i o n s . Subsequent recombination can lead t o an inversion of t h e 3p and 3s l e v e l s , a l d s o f t x-ray (-40 eV) l a s i n g . Our recent experiments used t h e K-shell r a d i a t i o n from Ne t o pump V and from A 1 t o pump N i and Cu. W e have a l s o studied t h e production of resonance r a d i a t i o n from He-like Na f o r a p o t e n t i a l Na/Ne l i n e coincidence l a s e r scheme.
CURREN RETURN POST .FOAM T AAGET

Fig. 1 Schematic of gas nozzle/target assembly showing t h e r e l a t i v e p o s i t i o n s of
t h e t a r g e t , nozzle, t h e c u r r e n t r e t u r n p o s t s , and t h e e l e c t r i c a l feed. Fig. 2 Schematic of a pulsed-power-driven x-ray l a s e r t a r g e t .
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W e used t h e Proto-I1 a c c e l e r a t o r f o r a l l of these pulsed-power-driven x-ray l a s e r experiments. In its present configuration, t h i s multimodule water-line machine produces as 1.2 MV pulse with a 45 ns f u l l width a t half maximum (FWHM) a t 0.12532.
The t o t a l e l e c t r i c a l energy going forward was approximately 320 kJ. We delivered i n excess of 6 MA t o a gas puff load t h a t has a t o t a l inductance of approximately 6.5 nH. The maximum k i n e t i c energy delivered t o t h e imploding gas puff is approximately 120 kJ.
Having demonstrated t h a t we can e f f i c i e n t l y produce t h e pump source photons and f i e l d t h e x-ray l a s e r t a r g e t i n an imploding plasma environment, our r e c e n t emphasis was t o minimize t h e a x i a l inhomogeneities of t h e plasma implosion and t o measure neon-like i o n i z a t i o n s t a t e s i n t h e l a s e r t a r g e t . W e continue t o measure the pump source energy with thin-film bolometers, x-ray diodes (XRDs), and c r y s t a l spectrographs. We measured t h e a x i a l nonuniformity with a framing x-ray pinhole camera, and t r i e d t o minimize t h e s e nonuniformities through more d e t a i l e d nozzle design and c h a r a c t e r i z a t i o n . We measured t h e presence of Ne-like l a s a n t ions i n r e a l i s t i c x-ray l a s e r t a r g e t s with c r y s t a l spectrographs, and
t r a l c u t s . The time-integrated c r y s t a l spectrographs ( s e e Figs. 1 and 7 of Ref. 4) confirmed t h e bolometer measurements of t o t a l pump energy, and implied t h a t approximately 1 / 4
of t h e Ne K-shell energy can be converted i n t o A 1 K-shell energy i n our converter t a r g e t s .
An important i s s u e i n t h e development of an x-ray l a s e r i s t h e simultaneity of t h e x-ray pump along t h e a x i s of t h e l a s e r rod. The expansion of t h e g a s j e t a s it i s i n j e c t e d i n t o vacuum l e a d s t o a time-dependent s t a g n a t i o n of t h e gas puff along t h e x-ray l a s e r t a r g e t . 6 With a framing x-ray pinhole camera, we measured t h i s "zipperingn e f f e c t a s t h e x-ray pump source emission proceeds from the cathode (nozzle) t o t h e anode ( r e t u r n current s c r e e n ) . With our present gas nozzles we t y p i c a l l y f i n d t h a t t h e imploding gas s t a g n a t e s a t t h e anode more than 12 ns a f t e r i t s t a g n a t e s a t t h e cathode. This long s t a g n a t i o n time i s unacceptable f o r our
x-ray l a s e r t a r g e t designs. Thus we developed an e l e c t r o n beam s c a t t e r i n g f a c i l i t y t o measure t h e time-and space-dependent n e u t r a l density produced by t h e s e supersonic nozzles. I n Fig. 3 we show t h e Ne n e u t r a l density p r o f i l e s produced from a nozzle t h a t was designed t o generate a Mach 4 gas p r o f i l e . A t a d i s t a n c e of
mm from t h e nozzle e x i t plane, t h e r e i s s i g n i f i c a n t spreading of t h e g a s compared t o t h e density p r o f i l e a t 2 mm from t h e e x i t plane. W e have c a l c u l a t e d 6 t h e e f f e c t of t h i s spread on t h e implosion dynamics and have suggested s e v e r a l methods t o minimize its e f f e c t . Experiments t o minimize t h e a x i a l nonuniformities
a r e c u r r e n t l y underway.
In our most recent experiments we emphasized time-resolved x-ray (4-20 A ) and s o f t x-ray ( 175-550 A) measurements of t h e r a d i a t i o n from thin-walled annular x-ray l a s e r t a r g e t s . The measurements i n t h e x-ray region, where t h e Ne-like l a s a n t resonance l i n e s occur, a r e necessary t o v e r i f y t h a t we could i o n i z e t h e l a s a n t material t o t h e Ne-like s t a t e . I n a d d i t i o n t h i s s p e c t r a l region allows us t o study the pump r a d i a t i o n f o r both Ne-like recombination and l i n e coincidence schemes. The x-ray l a s e r t a r g e t s consisted of a parylene annulus ( 2 t o 4 pm) coated on t h e outside with 2000 A of A 1 and on t h e i n s i d e with from 250 t o 1000 A of Cu o r N i . A time-integrated c r y s t a l spectrum of an Al/CH/Cu(1000 A) t a r g e t taken a t 60° t o t h e c y l i n d r i c a l a x i s of symmetry is shown i n Fig. 4 . I n a d d i t i o n t o t h e K-shell resonance l i n e s from Ne, t h e resonance l i n e s from Ne-like Cu a r e a l s o present. I n an attempt t o measure t h e time-dependent i o n i z a t i o n balance of t h e l a s a n t r e l a t i v e t o t h e pump source photons, we a l s o f i e l d e d a streaked e l l i p t i c a l spectrograph and a framing c r y s t a l spectrograph a t 60° t o t h e c y l i n d r i c a l a x i s of symmetry. Thus f a r we have not obtained time-resolved information on t h e resonance l i n e s from t h e Ne-like l a s a n t due t o t h e i r low i n t e n s i t y r e l a t i v e t o t h e pump x-rays.
In f u t u r e experiments we w i l l i n c r e a s e t h e s e n s i t i v i t y of t h e time-resolved c r y s t a l instruments, and w i l l f i e l d them t o view t h e t a r g e t a x i a l l y . I n Fig. 5 we show a time-integrated c r y s t a l spectrograph from a Ne implosion onto a parylene annulus coated with NaF. The r e l a t i v e s t r e n g t h of t h e He-like Na resonance l i n e suggests t h a t t h i s t a r g e t configuration might be used f o r a Na/Ne l i n e coincidence scheme. Nozzle Radius (cm) Fig. 3 Measured n e u t r a l N e d e n s i t y at 2 and 22 mm from t h e e x i t p l a n e of t h e supersonic nozzle. annular t a r g e t .
WAVELENGTH (angstroms) Fig. 5 Time-integrated KAP c r y s t a l spectrum of Ne s t a g n a t i o n on a NaF coated parylene annulus.
The s o f t x-ray region, where t h e p o t e n t i a l l a s i n g t r a n s i t i o n s occur, has been studied using a framing grazing incidence spectrograph f i e l d e d on t h e t a r g e t a x i s of symmetry. The observed s p e c t r a , which a r e r i c h i n l i n e s , a r e dominated by r a d i a t i o n from t h e imploding plasma and o t h e r elements i n t h e l a s e r t a r g e t . Using a more c a r e f u l l y c o n t r o l l e d line-of-sight, we hope t o discriminate a g a i n s t t h i s r a d i a t i o n i n our f u t u r e experiments.
I n summary, i n our research t_o produce a s o f t x-ray l a s e r we have developed an i n t e n s e pulsed-power-driven x-ray source and t h e time-resolved diagnostics necessary t o study t h e x-ray l a s e r physics. Our p r i o r i t i e s f o r f-uture experiments a r e t o minimize t h e a x i a l nonuniformities, c h a r a c t e r i z e t h e time-dependent i o n i z a t i o n balance of t h e l a s a n t r e l a t i v e t o t h e pump source, benchmark t h e design codes with t h e experiments, and observe Ne-like n=3, An=O l i n e r a d i a t i o n from t h e l a s a n t . F i n a l l y , we plan t o study a l t e r n a t e l a s e r concepts.
